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1

ORGANIC PHOTODIODE PIXEL FOR
IMAGE DETECTORS

TECHNICAL AREA

The subject matter disclosed herein relates to photon
sensors and 1maging detector panels. Specifically, the dis-
closure discusses i1maging sensing panels that employ

organic photodiode (OPD).

BACKGROUND

Devices such as digital photography and/or videography,
medical 1maging systems, and other 1image sensing equip-
ment may employ panels that are capable of capturing
photons and generating signals corresponding to a sensing,
array that correspond to an image or a projection of that
object. For example, medical X-ray imaging systems may
operate by placing a patient between an X-ray emitter and an
X-ray sensor. In this example, the emitted X-ray travels
through different tissues of the patient and 1s collected 1n a
pixel array of the X-ray sensor. As different tissues may
absorb a different proportion of the X-ray photons, an X-ray
map of the patient may be produced from the data collected
in the pixel array.

In some implementations, the X-rays may be directly
detected by the panel, while 1n other implementations, some
intermediate structure, such as a scintillator, may be used to
convert X-ray into visible light or other lower energy
photons that are detected. The conversion of light 1n such an
example mnto an electrical signal may be performed by a
photodiode. Examples of photodiodes include organic pho-
todiodes. Organic photodiodes are detectors that may be
formed from organic small molecules and/or polymers.
Organic photodiodes may be coupled to pixel-based sensors,
such as a thin-film transistors (1FT) arranged 1n an array that
may be used to provide spatial information about the loca-
tion of the photon that arrived. Organic photodiodes may
provide mechanical flexibility, higher sensor density, and/or
high thermal stability. However, implementation of sensor
panels employing organic photodiodes may include certain
manufacturing and design challenges that may lead to noisy
1mages.

BRIEF DESCRIPTION

Embodiments described herein are related to imaging
sensors and systems that may employ a continuous detector
plane and may be configured to couple to a pixelated
thin-film transistor (1FT) backplane. The embodiments may
include dielectric structures that may improve certain opera-
tional characteristics such as image quality, panel reliability
and/or data acquisition rate.

In one embodiment, an 1maging system 1s discussed. The
imaging system may have a radiation source and a detector
panel that may receive emissions produced by the radiation
source and transmitted through a subject. The detector panel
may have a detector backplane that 1s pixelated, and a
sensing photodiode layer that may include an anode layer
having multiple anodes. Fach anode of the anode layer may
be coupled to a corresponding pixel of the backplane, and
cach anode 1s separated from the neighboring anodes by a
boundary region. The photodiode layer may also include a
photoactive layer that includes a photoactive material, and 1s
placed above the anode layer. The photodiode layer may also
have a first plurality of dielectric structures located along the
boundaries separating the pixels, and a second plurality of
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2

dielectric structures disposed above the electrical coupling
region between each anode of the anode layer and the
detector backplane. The photodiode layer may also include
a cathode layer placed above the photoactive layer.

In another embodiment, an organic photodiode panel 1s
described. The organic photodiode panel may include a first
clectrode layer and a second electrode layer. The first
clectrode layer may have pixels, and each pixel has a
recessed region. The organic photodiode panel may also
have a photoactive layer placed between the first electrode
layer and the second electrode layer. The organic photodiode
panel may also have a dielectric structure placed i1n the
recessed region of the pixel below the photoactive layer and
a second dielectric structured placed along a boundary of the
pixel.

A method for manufacturing of a sensor panel 1s also
described. The method may include processes for forming
an electrode layer above a backplane layer, placing a dielec-
tric layer above the first electrode layer, and performing a
photolithography process to pattern the dielectric layer. The
method may also 1include processes for coating the dielectric
layer with a photodiode layer, and forming a second elec-
trode layer above the photodiode layer.

BRIEF DESCRIPTION OF THE DRAWINGS

These and other features, aspects, and advantages of the
present ivention will become better understood when the
following detailed description 1s read with reference to the
accompanying drawings in which like characters represent
like parts throughout the drawings, wherein:

FIG. 1 1s a block diagram of medical imaging system that
may employ one or more 1mage detectors, i accordance
with an embodiment:

FIG. 2 1s a schematic diagram of a pixel array of an 1mage
detector, 1n accordance with an embodiment;

FIG. 3 1s a schematic front view and side view of a pixel
of an 1image detector with an organic photodiode, 1n accor-
dance with an embodiment;

FIG. 4 1s a schematic diagram of a pixel of an image
detector having a buried via, 1n accordance with an embodi-
ment,

FIG. 5 15 a schematic front and side view of a pixel of an
image detector with a dielectric layer around the edge of the
pixel, 1n accordance with an embodiment; and

FIG. 6 1s a flow chart of a method for production of an
image detector that may be used to produce 1mage detectors

having pixel structures such as the ones of FIGS. 3, 4, and
5.

DETAILED DESCRIPTION

One or more specific embodiments will be described
below. In an eflort to provide a concise description of these
embodiments, all features of an actual implementation may
not be described 1n the specification. It should be appreciated
that 1n the development of any such actual implementation,
as 1n any engineering or design project, numerous imple-
mentation-specific decisions must be made to achieve the
developers’ specific goals, such as compliance with system-
related and business-related constraints, which may vary
from one implementation to another. Moreover, it should be
appreciated that such a development effort might be com-
plex and time consuming, but would nevertheless be a
routine undertaking of design, fabrication, and manufacture
for those of ordinary skill having the benefit of this disclo-
sure.
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When introducing elements of various embodiments of
the present invention, the articles “a,” “an,” “the,” and
“said” are intended to mean that there are one or more of the
clements. The terms “comprising,” “including,” and “hav-
ing”” are intended to be inclusive and mean that there may be
additional elements other than the listed elements. Further-
more, any numerical examples 1n the following discussion
are mntended to be non-limiting, and thus additional numer:-
cal values, ranges, and percentages are within the scope of
the disclosed embodiments.

While aspects of the following discussion may be pro-
vided in the context of medical imaging, 1t should be
appreciated that the present techniques are not limited to
such medical contexts, nor to X-ray technology. Indeed, the
provision ol examples and explanations in such a medical
context 1s only to facilitate explanation by providing
istances of real-world implementations and applications.
However, the present approaches may also be utilized 1n
other contexts, such as imaging methods for non-destructive
ispection of manufactured parts or goods (1.e., quality
control or quality review applications), and/or non-invasive
ispection of packages, boxes, luggage, and so forth (i.e.,
security or screemng applications). In general, the present
approaches may be useful mn any imaging or screening
context or 1mage processing lield where 1mage data 1is
acquired using 1imaging sensing panels.

Imaging systems, such as digital radiography systems,
tomosynthesis equipment, mammography systems, com-
puted tomography systems, nuclear imaging (PET, SPECT,
ctc.) employ radiation detectors for data acquisition. In some
implementations, the 1maging sensing panels may be
coupled to some detecting device (e.g., scintillators) that
may convert incident radiation mto lower energy photons
(such as in 1n the optical or light energy wavelength band
and adjacent ranges) to be detected by a light detector panel.
These light detector panels may include one or more light
detectors, such as photodiodes, that may be coupled to
backplane circuitry. Embodiments described herein are
related to certain light detector panels that may be formed by
layering fabrication methods. As an example, a light detector
panel may be formed using continuous (1.e., non-pixelated)
organic photodiodes (OPD) that may be coupled to a thin
film transistor (TFT) array backplane. In such a light detec-
tor panel, when a photon interacts with the OPD layer, 1t
generates a charge that may be extracted (e.g., collected)
through electrodes of the OPD, and measured and/or quan-
tified 1 the TFT backplane. Light detectors panels produced
using layering fabrication methods may be formed by depos-
iting wet layers above the backplane. During the assembly
of certain light detector panels, the wet layers may reflow as
they dry, due to solvent evaporation, and generate non-
uniform regions. In the example of a light detector panel
tormed from OPDs placed above a backplane, the OPD layer
may be formed by deposition of a wet photoactive layer
placed between two electrodes. Since the backplane surface
1s not smooth (e.g., flat) and may have spatially and/or
clevationally distinct features or structures, the reflow pro-
cess may lead to substantial variations in the thickness of the
OPD, as detailed below.

Moreover, several of the digital systems may collect
pixelated data. In such systems, the backplane circuitry may
include an array of distinct circuitry elements (e.g., pixel
clements, pixel circuitry, pixels), wherein each eclement
determines the spatial location of the pixels. As detailed
below, the pixel circuitry 1n the backplane may be coupled
to a pixelated light detector panel. Furthermore, certain light

detector panels may be continuous (e.g., not pixelated), and
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4

the pixel boundaries may be determined by the backplane
circuitry. Note that, due to the construction and arrangement
of the layers, the boundaries between neighboring pixels
may have some overlap and/or may have Iringe regions,
where charge extraction from the light detector panel to the
backplane may be slower. This results 1n an increase in
image lag, which may slow down the overall image acqui-
sition process. Embodiments described herein provide
dielectric structures that may be placed 1n specific areas of
the photodiode to reduce the eflects of variable thickness
regions and Iringe areas in the 1image acquisition process. In
some embodiments, the dielectric structures may be placed
during manufacturing, by use of photolithography, as
detailed below.

With the preceding discussion 1n mind, FIG. 1 illustrates
an embodiment of an 1maging system 10 for acquiring and
processing 1mage data using 1maging sensing panels in
accordance with structures and approaches discussed herein.
In the illustrated embodiment, system 10 1s a medical
imaging system such as a digital X-ray system designed to
acquire X-ray data and to produce an 1image that corresponds
to an X-ray map of a patient. The 1maging system 10
includes one or more X-ray sources 12, such as one or more
X-ray tubes or solid-state emission structures which allow
X-ray generation at one or more energy spectra during an
1maging session.

The X-ray beam 20 passes into a region in which the
subject (e.g., a patient 24) or object of interest (e.g., manu-
factured component, baggage, package, and so forth) is
positioned. The subject attenuates at least a portion of the
X-ray photons 20, resulting in attenuated X-ray photons 26
that impinge upon a detector 28. Detector 28 may be formed
by a plurality of sensing elements (e.g., pixels) arranged in
backplane and coupled to a light detector panel, which may
be, for example an OPD layer. Detector 28 may also include
a scintillator or some other structure that may convert the
attenuated the X-ray photons 26 into photons that may be
detected by the light detector panel. By way of example, the
detector 28 may have scintillators that produces photons 1n
the visible or adjacent spectra in response to X-ray excita-
tion, a non-pixelated light detecting panel that generates a
charge for every photon interaction in the region of the panel
where the photon was produced by a scintillator and, whose
output signal may be read by a pixelated backplane detector
layer that captures the charge in the light detecting panel.
Note that use of certain materials, such as photoactive
organic compounds used 1n OPD, allows assembly of detec-
tor 28 with curved surfaces. These curved surfaces may be
shaped according to an ergonomic aspect of a patient 24,
which may increase comiort during operation. Curved sur-
faces may also allow the sensor to be closer to a region of
interest of patient 24, which may increase image quality
(e.g., resolution, signal to noise ratio, etc.).

The electrical signals may be acquired and processed to
generate one or more image datasets. In the depicted
example, the detector 28 1s coupled to the system controller
30, which commands acquisition of the digital signals gen-
crated by the detector 28. System controller 30 commands
operations of the imaging system 10 to execute examination
and/or calibration protocols, and may process the acquired
data. With respect to the X-ray source 12, the system
controller 30 furnishes power, focal spot location, control
signals and so forth, for the X-ray examination sequences. In
addition, the system controller 30 may include signal pro-
cessing circuitry and associated memory circuitry. In such
embodiments, the memory circuitry may store programs,
routines, and/or encoded algorithms executed by the system
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controller 30 to operate the imaging system 10, including the
X-ray source 12, and to process the digital measurements
acquired by the detector 28 1n accordance with the steps and
processes discussed herein.

The system controller 30 may include a data acquisition

system (DAS) 40. The DAS 40 recerves data collected by

readout electronics of the detector 28, such as digital signals
from the detector 28. The DAS 40 may then convert and/or
process the data for subsequent processing by a processor-
based system, such as a computer 42. In certain implemen-
tations discussed herein, circuitry within the detector 28 may
convert analog signals of the detector to digital signals prior
to transmission to the data acquisition system 40. The
computer 42 may include or communicate with one or more
non-transitory memory devices 46 that can store data pro-
cessed by the computer 42, data to be processed by the
computer 42, or instructions to be executed by image
processing circuitry 44 of the computer 42. For example, a
processor of the computer 42 may execute one or more sets
ol instructions stored on the memory 46, which may be a
memory of the computer 42, a memory of the processor,
firmware, or a stmilar instantiation. By way of example, the
image processing circuitry 44 of the computer 42 may be
configured to generate a diagnostic image.

The computer 42 may also be adapted to control features
cnabled by the system controller 30 (1.e., scanning opera-
tions and data acquisition), such as 1n response to commands
and scanning parameters provided by an operator via an
operator workstation 48. The system 10 may also include a
display 50 coupled to the operator workstation 48 that
allows the operator to view relevant system data, imaging
parameters, raw 1maging data, reconstructed data (e.g., soft
tissue 1mages, bone 1mages, segmented vascular trees, and
so on), material basis 1mages, and/or material decomposition
results, and so forth. Additionally, the system 10 may
include a printer 52 coupled to the operator workstation 48
and configured to print any desired measurement results.
The display 50 and the printer 52 may also be connected to
the computer 42 directly (as shown 1n FIG. 1) or via the
operator workstation 48. Further, the operator workstation
48 may include or be coupled to a picture archiving and
communications system (PACS) 54. PACS 54 may be
coupled to a remote system or client 56, radiology depart-
ment information system (RIS), hospital information system
(HIS) or to an internal or external network, so that others at
different locations can gain access to the image data.

As discussed above, detector 28 may be 1nclude a light
sensing layer formed above a pixelated backplane array.
FIG. 2 illustrates an example of a backplane sensing array
100 having evenly-spaced detector pixels 106. Detector
panel 28 may have columns 102 and rows 104 of pixels 106.
As discussed above, the detector may have a continuous
(e.g., non-pixelated) OPD light sensing layer disposed above
a pixelated backplane layer and, as such, the boundaries of
the pixels 106 may be determined by the backplane layer
pixelation. In certain embodiments, the boundaries of pixels
106 may be further determined by the boundaries of the
clectrodes (e.g., anode and/or cathode) of the OPD light
sensing layer. Note that, while the illustrated example 1n
FIG. 2 1s a flat and uniform (e.g., evenly-spaced) detector
panel 28, the systems and methods described here may be
used for curved detector panels and/or unevenly spaced
pixelated panels with the appropriate adjustments of manu-
facturing process and/or backplane terminations. The sepa-
ration between neighboring pixels (1.e., the pitch) may be
between 50 um and 200 pm.
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FIG. 3 provides a schematic front view 112 and side view
114 of a pixel 106 (e.g., pixel circuitry). Pixel 106 may be
formed by a TFT backplane 116 that may sense photons
interacting within an active area of photodiode 117. Photo-
diode 117 may be formed by an anode layer 118, a cathode
layer 120, and a photoactive layer 122. Anode layer 118 and
cathode layer 120 may be coupled to pixel circuitry of the
TFT backplane 116. As a photon interacts with the photo-
active layer 122, a free charge may be generated and
collected by anode 118 and cathode 120. The TFT backplane
116 may measure the interaction using the coupling between
anode 118 and TFT backplane 116 through contact region
119. In certain embodiments, the TF'T backplane 116 may
have a transistor terminal, such as a TFT source or drain 1n
region 119, which may act as a driver for quantification (e.g.,
photon counting, energy integrating) circuitry.

Photodiode 117 may be an OPD and the material that
forms the photoactive layer may be, for example, a coated
solution containing organic materials that generate a charge
when interacting with photons. The OPD may be formed
with a bulk, hetero-junction organic photodiode layer that
absorbs light, generates electron-hole pairs, and transports
charge (e.g., holes and electrons) to the electrode layers 118
and 120. The organic absorber layer may include a blend of
a donor material and an acceptor material; more than one
donor or acceptor material may be included in the blend.
Suitable donor materials include low bandgap polymers and
may include conjugated polymers and copolymers com-
posed of units derived from substituted or unsubstituted
monoheterocyclic and polyheterocyclic monomers such as
thiophene, fluorene, phenylenvinylene, carbazole, pyrrolo-
pyrrole, and fused heteropolycyclic monomers containing
the thuophene ring, including, but not limited to, thienoth-
iophene, benzodithiophene, benzothiadiazole, pyrrolothio-
phene monomers, and substituted analogs thereof. In some
embodiments, the low band gap polymers include units
derived from substituted or unsubstituted thienothiophene,
benzodithiophene, benzothiadiazole, carbazole, 1isothi-
anaphthene, pyrrole, benzo-bis(thiadiazole), thienopyrazine,
fluorene, thiadiazolequinoxaline, or combinations thereof.
In the context of the low band gap polymers described
herein, the term ‘“units derived from” means that the unaits
include monoheterocyclic and polyheterocyclic group, with-
out regard to the substituents present before or during the
polymerization; for example, “the low band gap polymers
include umits derived from thienothiophene” means that the
low band gap polymers include divalent thienothiophenyl
groups. Examples of suitable matenals for use as low
bandgap polymers in the organic photodetectors, 1n some
embodiments, include copolymers derived from substituted
or unsubstituted thienothiophene, benzodithiophene, benzo-
thiadiazole, carbazole monomers, or combinations thereof,
such as poly[[4,8-b1s[ (2-ethylhexyl)oxy]benzo[1,2-b:4,5-bl-
dithiophene-2,6-diyl][3-fluoro-2-[(2-ethylhexyl) carbonyl]
thieno[3.4-b]thiophenediyl (PTB7); 2,1,3-benzothiadiazole-
4,7-diyl[4,4-b1s(2-ethylhexyl)-4H-cyclopenta[2,1-b:3,4-b]]
dithiophene-2,6-diyl (PCPDTBT); poly[[9-(1-octylnonyl)-
OH-carbazole-2,7-diyl]-2,5-thiophenediyl-2,1,3-
benzothiadiazole-4,7-diyl-2,5-thiophenediyl | PCDTBT);
poly[(4,40-bis(2-ethylhexyl)dithieno [3,2-b:20,30-d]s1lole)-
2,6-diyl-alt-(2,1,3-benzo-thiadiazole)-4,7-diyl |(PSBTBT);
poly((4,8-bis (octyloxy)benzo(1,2-b:4,5-b)dithiophene-2,6-
diy1)(2 ((dodecyloxy)carbonyl) thieno(3,4-b)thio-
phenediyl)) (PTB1); poly((4,8-bis(octyloxy)benzo(1,2-b:4,
S-b)dithiophene-2,6-diyl)(2 ((ethylhexyloxy)carbonyl)
thieno(3,4-b)thiophenediyl)) (PTB2); poly((4,8-bis(octyl)
benzo(1,2-b:4,5-b)dithiophene-2,6-diyl) (2 ((ethylhexyloxy)
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carbonyl) thieno(3,4-b)thiophenediyl)) (PTB3); poly((4,8-
bis-(ethylhexyloxybenzo(1,2-b:4,5-b)dithiophene-2,6-
diy1)(2 ((octyloxy)carbonyl)-3-fluoro)thieno(3,4-b)
thiophenediyl)) (PTB4); poly((4,8-bis(ethylhexyloxybenzo
(1,2-b:4,5-b)dithiophene-2,6-diyl)(2  ((octyloxy)carbonyl) >
thieno(3,4-b)thiophenediyl)) (PTB3J); poly((4,8-bis(octy-
loxy) benzo(1,2-b:4,5-b)dithiophene-2,6-diyl)}(2 ((butyloc-
tyloxy)carbonyl) thieno(3,4-b)thiophenediyl)) (PTB6); poly
[[5-(2-ethylhexyl)-3,6-dihydro-4,6-dioxo-4H-thieno[3,4-c]
pyrrole-1,3-diyl][4,8-bis[(2-ethylhexyl)oxy]benzo[1,2-b:4,
5-bldithiophene-2,6-diyl]|(PBDTTPD); poly[1-(6-{4,8-bis
[ (2-ethylhexyl)oxy]-6-methylbenzo[1,2-b:4,5-b']
dithiophen-2-y1}-3-fluoro-4-methylthieno[3,4-b|thiophen-
2-y1)-1-octanone|[(PBDTTT-CF); or poly[2,1,3-
benzothiadiazole-4,7-diyl-2,5-thiophenediyl(9,9-dioctyl-
OH-9-silafluorene-2,7-diyl)-2,5-thiophenediyl|(PS1F-DBT).
Other suitable materials include poly[5,7-bis(4-decanyl-2-
thienyl) thieno[3,4-b]diathiazole-thiophene-2,5]1(PDDTT);
poly[2.,3-bis(4-(2-ethylhexyloxy)phenyl)-5,7-di(thiophen-2- 20
yl)thieno[3,4-b]pyrazine|(PDTTP); or polythieno[3,4-b]
thiophene (PTT). In certain embodiments, suitable materials
are copolymers derived from substituted or unsubstituted

benzodithiophene monomers, such as the PTB1-7 series and
PCPDTBT; or benzothiadiazole monomers, such as 25
PCDTBT and PCPDTBT. Suitable acceptor matenals
include fullerenes and their derivatives such as [6,6]-phenyl-
C61-butyric acid methyl ester (PCBM); PCBM analogs such
as PC70BM, PC71BM, PCR0BM, bis-adducts thereof, such
as bis-PC71BM, indene mono-adducts thereof, such as 30
indene-C60 monoadduct (ICMA) or indene bis-adducts
thereol, such as mndene-C60 bisadduct (ICBA). Other mate-
rials such as poly[(9,9-dioctylfluorenyl-2,7-diyl)-alt-(4,7-
bis(3-hexylthiophen-5-y1)-2,1,3-benzothiadiazole)-2',2"-
diyl](F8TBT) may also be used, alone or with a fullerene 35
derivative.

As discussed above, a difference of voltage between
anode layer 118 and cathode layer 120 may drive any charge
generated 1n the photoactive layer 122 towards the elec-
trodes, which allows measurement of photons interacting 40
with the light detecting panel. In active region 142 of
photodiode 117, the collected charge may be transported to
the corresponding pixel of the backplane detector 116. The
active region 132 may be defined by boundaries 138 of the
anode layer 118 and by the distance between a region of the 45
photoactive layer 122 and the photodiode 117 and the
contact region 119.

The region 119 1n which the anode layer 118 may form a
contact with backplane detector 116 may be uneven. In the
illustrated example, the coupling in region 119 takes place in 50
a recessed region of the photodiode 117. As mentioned
above, the photoactive layer 122 may be formed by placing
a wet coating layer having the photoactive matenals (e.g., an
OPD coating). While the OPD coating may conform to the
underlying surface and may fill the recessed regions, the 55
thickness of the layer may be non-uniform. The flows of the
liquid due to surface tensions eflects, viscosity change, and
evaporation of the solvent during the drying process may
lead to varnations 1n thickness, particularly around convex
edges, such as corners 126, and concave edges, such as 60
corners 124. As a result, corners 124 may have a thinner
layer than corners 126 due to the reflow that takes place
during the evaporation of the solvent of the wet OPD
coating. Variations in the thickness of photodiode 117 along
the backplane may lead to uneven electric fields through the 65
photoactive layer 117, which may result 1n excess current
leakage 1n some regions of the pixel circuitry. These leak-
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ages and/or accumulation of electric fields may ultimately
allect the quality of the resulting 1mage and the reliability of
the display panel.

FIG. 3 also illustrates active regions 132, inactive regions
140, and fringe regions 142. Active regions 132 may be
regions delimited by the anode layer 118 as discussed above.
Regions outside the active regions 132 may be part of the
iactive regions 140. Inactive regions 140 of the photoactive
layer 122 may, generally, under an electric field produced by
a cathode and/or anode. As a result, charges generated 1n an
iactive region 140 of the photoactive layer 122 may remain
in the layer instead of being sensed by the backplane
detector 116, and therefore may not aflfect data used to
generate images. Note, however, that, due to the geometrical
disposition of anode layer 118 and cathode layer 120, a
weakly polarized region 144 in the photoactive layer 122
may create a Iringe region 142. In fringe regions 142,
charges generated in regions 144 of the OPD layer 122, may
be collected by the anode layer 118 and cathode layer 120.
However, such collection may occur with substantial delay,
due to the increased distance from the anode layer 118. As
a result, the presence of these Iringe regions may aflect
speed characteristics of the sensor panel, such as refresh rate
and/or sampling rate. As the pixel size shrinks, the effect of
the fringe OPD may become stronger. For example, in a
panel having pixel pitch of 100 um and a fringe region with
width 1 um, the ratio between the fringe area and total area
may be as high as 4%.

The front view 1illustrated 1n the diagram 160 of FIG. 4
illustrates an alternative embodiment 161 for a pixel, 1n
which coupling between photodiode and backplane detector
116 takes place through a buried via 164. The buried via may
be formed by a dielectric element 162 disposed 1n the region
of contact between anode 118 and the backplane detector
116. The presence of the dielectric element 162 may cause
the photoactive layer 122 to be more planar, reducing the
inhomogeneity 1n the thickness of the photoactive layer 122.
Furthermore, the presence of the dielectric element 162 may
make region of the photoactive layer 122 above the buried
via 164 inactive since, 1n this region, photoactive layer 122
1s electrically 1solated from the anode 118 and, thus, charges
generated by a photon interacting with photoactive layer 122
may not be sensed. As a discussed above, the regions where
the anode 118 contacts with the backplane detector 116 (e.g.,
region 119 1n FIG. 3) are more likely to have non-homoge-
neities, due to the presence of backplane coupling (e.g.,
termination) structures. Since this region may become 1nac-
tive due to the presence of dielectric 162, the photodiode 117
becomes less susceptible to electric field build-ups and/or
current leakages. Accordingly, the use of buried via 164 may
improve the quality of images produced by the system. It
should be noted that the placement of the dielectric element
162 generates an 1nactive region in the pixel, which may
reduce the pixel fill factor (1.e., the ratio between the active
arca of the pixel and the total area of the pixel). In some
embodiments, the buried via may reduce the pixel fill factor
by 1%.

The front view 182 and top view 184 1n FIG. 5 illustrate
an alternative embodiment of a pixel 185 that reduces fringe
regions. As discussed above with respect to FIG. 3, fringe
regions are regions ol the photoactive layer 122 that may be
weakly charged and may lead to increased lag during data
acquisition. In pixel 185, the inactive regions 140 in the
boundaries between two neighboring pixels may have
dielectric structures 186 that separates the photoactive layer
122 from the anode layer 118 1n the mmactive regions. The
presence of these dielectric structures 186 prevents charges
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generated due to interaction between photons and the pho-
toactive layer 122 1n the mnactive region 140, reducing and/or
removing the fringe region of the pixel (such as region 142
illustrated 1n FIG. 3). The reduction or removal of the fringe
region may lead to reduction of the lag between 1mages, as
discussed above.

Note that both the dielectric structures 162 illustrated 1n
FIG. 4 as well as dielectric structures 186 1illustrated 1n FIG.
5 may be employed separately or combined. Note further
that, as detailed below, these structures may be generated in
a common photolithographic process and, as such, a single
photolithographic step may be incorporated to the produc-
tion of the light detecting panel to facilitate the mclusion of
the two dielectric structures.

Method 200 1n FIG. 6 may be employed to produce the
above-described light detecting panel embodiments using a
photodiode layer. In a process 202, a pixelated backplane of
a sensor panel may be fabricated. The pixelated backplane
may have an array of circuitry elements responsible for
recording signals received by a region of the sensor panel.
To that end, terminations (1.e., electrical pads, electrical
contacts) of a sensing and/or amplitying element, such as a
transistor, may be exposed. As an example, the pixelated
backplane array may be formed employing thin film tran-
sistor (TF'T) technology, and the gate termination of the TFT
clements may be employed as a driver for the pixel. Process
202 may also include steps to form a base electrode, which
may be an anode. The base electrode may couple to the
terminations of the pixelated backplane array at the contact
points, as described above. The base electrode layer may
include conductive materials such as indium tin oxide (ITO),
indium zinc oxide (I1Z0).

In a process 204, a dielectric, such as silicon oxide, silicon
nitride, aluminum oxide, zirconium oxide, tantalum oxide,
other metal oxides, or any other material may be deposited
above the base electrode layer to produce any of the dielec-
tric structures described above using photolithography. The
thickness of the dielectric layer can be 0.5 um to 5 um. In a
process 206, a photolithography mask may be placed above
the dielectric layer that 1s coated with photoresist, and
ultraviolet light or some other mechanism may be used to
expose photoresist coated on dielectric layer. The photoli-
thography mask may pattern the structures to form the
buried via structure and/or the boundary structures in the
pixel array, as discussed above. Following the photolithog-
raphy development, the excess photoresist may be removed
using a solvent. Note that the photolithography process may
be a positive photolithography, in which the exposed regions
may become soluble, or a negative photolithography, in
which the non-exposed regions may become soluble. The
cured dielectric structures formed during the photolithogra-
phy may cover the region above the contact interface
between the base electrode layer and the backplane array
termination, to form the buried via described above. The
cured dielectric structures may also be located 1n the mnactive
regions between the pixels of the sensing panel, to mitigate
the fringe regions, as described above.

In a process 208, the dielectric structures may be etched.
The dielectric structures may be etched to form buried
contact vias. The dielectric structures along the boundaries
of each pixel may be etched, allowing suflicient height to
prevent the formation of fringe regions in the photodiode.
Following etching 1n process 208, the photoactive layer may
be placed above the patterned dielectric layer 1n a process
210. The photoactive layer may be composed by a wet
mixture of the organic photodiode material and a solvent.
Process 210 may also include steps for drying the solvent to
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produce a dry layer. Following the placement of the photo-
active layer, the second electrode layer of the photodiode
may be placed above the photoactive layer 1n a process 212.

Technical effects of the mvention include the production
ol a sensor panel that may include organic photodiodes with
reduced pixel leakage, long term reliability, and low 1mage
lag. To that end, the sensor panels discussed herein may be
formed from a continuous OPD layer placed above a pix-
clated backplane that 1s coupled to an anode of the OPD
layer through a recess in the OPD. In some embodiments,
dielectric structures may be placed in the region of the
coupling between the OPD anode and the backplane to form
a buried via that reduces thickness mhomogeneity in the
photoactive layer of the OPD 1n the active areas of the pixel.
In some embodiments, dielectric structures may be placed 1n
the boundary regions between neighboring pixels, to miti-
gate the creation of fringe OPD regions.

This written description uses examples to disclose the
invention, including the best mode, and also to enable any
person skilled 1n the art to practice the invention, including
making and using any devices or systems and performing
any incorporated methods. The patentable scope of the
invention 1s defined by the claims, and may include other
examples that occur to those skilled 1n the art. Such other
examples are intended to be within the scope of the claims
if they have structural elements that do not differ from the
literal language of the claims, or 1f they include equivalent

structural elements with insubstantial differences from the
literal languages of the claims.

The mvention claimed 1s:

1. An imaging system comprising:

a radiation source;

a detector panel configured to receive an emission pro-
duced by the radiation source and transmitted through
a subject disposed between the radiation source and the
detector panel, wherein the detector panel comprises:
a thin film transistor (TFT) backplane on a substrate;

and

a photodiode layer comprising;

an anode layer comprising a plurality of anodes,
wherein each anode couples electrically to a cor-
responding pixel of the TFT backplane through a
pixel coupling, and wherein the anode layer com-
prises a plurality of boundaries between the
anodes that separates adjacent pixels;

an organic photoactive layer comprising an organic
photodiode material and disposed above the anode
layer;

a plurality of dielectric structures disposed above the
anode layer and below the organic photoactive
layer, wherein the plurality of dielectric structures
comprise dielectric structures disposed along the
boundaries that separate the pixels, wherein an
entirety of the dielectric structures are disposed
along the boundaries without covering any portion
of the plurality of anodes; and

a cathode layer disposed above the organic photo-
active layer and the plurality of dielectric struc-
tures, wherein the anode layer 1s disposed closer to
the TFT backplane than the cathode layer; and

a scintillator layer disposed above the detector panel.

2. The imaging system of claim 1, wherein the plurality of

dielectric structures comprise dielectric structures disposed

above the corresponding pixel coupling, and below the
organic photoactive layer.




US 10,797,110 B2

11

3. The imaging system of claim 2, wherein at least one
dielectric structure of the plurality of dielectric structures
and the corresponding pixel coupling forms a buried via.

4. The imaging system of claim 1, wherein the 1imaging
system 1s a tomosynthesis system or a mammography sys-
tem.

5. The imaging system of claim 1, wherein the system
COmMprises:

a data acquisition system coupled to the detector panel

and configured to collect imaging data; and

an 1mage processing device configured to produce an

image from the collected image data.

6. The imaging system of claim 1, wherein the plurality of
dielectric structures comprise silicon oxide, silicon nitride,

or any combination thereof.

7. The imaging system of claim 1, wherein the plurality of
dielectric structures comprise metal oxides which comprise
aluminum oxide, zirconium oxides, tantalum oxide, or any
combination thereof.

8. The imaging system of claim 1, wherein each of the
dielectric structures of the plurality of dielectric structures
comprises a thickness between 0.5 um to 5 um.

9. An organic photodiode panel comprising:

a cathode layer;

an anode layer comprising at least one pixel;

a photoactive layer disposed between the cathode layer
and the anode layer comprising an organic photodiode
material;

at least one dielectric structure disposed between the
photoactive layer and the anode layer; and

a thin film transistor (TFT) backplane disposed on a
substrate and electrically coupled to the anode layer,
wherein the anode layer 1s disposed closer to the TEFT
backplane than the cathode layer, and wherein the
anode layer comprises a recess 1 a region ol contact
between the anode layer and the TFT backplane, and
wherein the at least one dielectric structure 1s disposed
directly above the recess to form a buried via that
directly contacts the TFT backplane while the at least
one dielectric structure 1s covered by both the photo-
active layer and the cathode layer.

10. The organic photodiode panel of claim 9, wherein the
at least one dielectric structure comprises a dielectric struc-
ture disposed along a boundary of the at least one pixel
without covering the anode layer.
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11. The organic photodiode panel of claim 9, wherein the
at least one dielectric structure comprises silicon oxide,
silicon nitride, or both.

12. The organic photodiode panel of claim 9, wherein the
at least one dielectric structure comprises a metal oxide that
comprises aluminum oxide, zirconium oxide, tantalum
oxide, or any combination thereof.

13. The organic photodiode panel of claim 9, wherein the
thickness of the at least one dielectric structure 1s between
0.5 um and Sum.

14. The organic photodiode panel of claim 9, wherein a
pitch comprising a separation between the at least one pixel
and the nearest neighboring pixel 1s between 50 um and 200
L.

15. A detector panel comprising a plurality of pixels,
comprising:

a cathode layer comprising a first cathode 1s associated
with a first pixel of the plurality of pixels and a second
cathode 1s associated with a second pixel of the plu-
rality of pixels;

a conftinuous organic photoactive layer comprising an
organic photodiode material and disposed below the
cathode layer;

an anode layer disposed below the organic photoactive
layer, the anode layer comprising a first anode associ-
ated with the first pixel and a second anode associated
with the second pixel; and

a thin film transistor (TFT) backplane comprising a first
pixel circuitry electrically coupled to the first anode and
a second pixel circuitry coupled to the second anode,
and wherein the anode layer 1s disposed closer to the
TFT backplane than the cathode layer;

wherein the first pixel 1s adjacent to the second pixel, and
wherein the detector panel comprises a dielectric struc-
ture disposed along a boundary between the first pixel
and the second pixel, and the dielectric structure does
not cover any portion of the first anode and the second
anode.

16. The detector panel of claim 15, comprising a dielectric
structure disposed between the organic photoactive layer
and a contact region between the first anode and the first
pixel circuitry.

17. The detector panel of claim 15, wherein the organic
photodiode material comprises at least one low bandgap

polymer.
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